Molecular studies of organic residues preserved in ancient vessels by Oudemans, T.F.M.
Molecular Studies of Organic Residues




Molecular Studies of Organic Residues Preserved in Ancient Vessels
Ph.D. Thesis Leiden University, November 2006
2006 © Tania F. M. Oudemans (info@taniaoudemans.com) 
Digital version: www.amolf.nl and www.proefschrift.leidenuniv.nl
Cover design: Iliya Cerjak
Layout design: Stefan Luxemburg
Molecular Studies of Organic Residues
Preserved in Ancient Vessels
Proefschrift
ter verkrijging van
de graad van Doctor aan de Universiteit Leiden,
op gezag van de Rector Magnificus Dr. D.D. Breimer,
hoogleraar in de faculteit der Wiskunde en
Natuurwetenschappen en die der Geneeskunde,
volgens besluit van het College voor Promoties
te verdedigen op donderdag 30 november 2006
klokke 16.15 uur
door
Tatiana Frederica Margreta Oudemans
geboren te Upper Fern Tree Gully, Australië
in 1962
Promotiecommissie:
Promotores: Prof. Dr. C. C. Bakels
Prof J.J. Boon 
FOM Institute for Atomic and Molecular Physics, Amsterdam 
University of Amsterdam
Referent: Prof. Dr. C. Heron
Department of Archaeological Sciences, University of Bradford, UK
Overige leden: Dr. A. van As
Prof. Dr. M. van Kolfschoten
Prof. Dr. Ir. J. van der Plicht
The work described in this thesis was performed at the FOM Institute for Atomic and
Molecular Physics, Kruislaan 407, 1098 SJ Amsterdam, the Netherlands. This work is part of
the research program of the Dutch Foundation for Archaeological Research (ARCHON), the
Faculty for Archaeology of the University of Leiden and Program 49 (BIOMSL) of the
Foundation for Fundamental Research of Matter (FOM), a subsidiary of the Dutch
Organisation for Scientific Research (NWO).
To my parents - for your love and support, your solid conviction that I would always 
succeed at what I truly wanted to do, for the gift of education
for your stories of far away countries
for giving me the world to explore 
To my beloved Denya - for all your love and support, for always believing in me 
and standing next to me, for your trust and generosity
for being my match and marrying me
for choosing life with me
Contents
Chapter 1 – General Introduction 9
1. Organic residue analysis in ceramic studies 10
2. Choice of sample material 13
3. A combined spectroscopic approach 14
4. Interpretation of chemical information in an archaeological context 17
5. Rationale of the Thesis 21
6. Publication list 22
Chapter 2 – Investigating Vessel Use of Morphologically Different Pot Types
by Organic Residue Analysis using Curie-point Pyrolysis Mass Spectrometry
and Multivariate Analysis 25
1. Introduction 26
2. Experimental 28
3. Results and Discussion 34
4. Conclusions 41
Chapter 3 – Molecular Characterisation of Solid Organic Residues by Curie-
Point Pyrolysis Gas Chromatography/Mass Spectrometry 43
1. Introduction 44
2. Experimental 45
3. Results and Discussion 49
4. Conclusions 59
Chapter 4 - Identifying Biomolecular Origins of Solid Organic Residues using
Direct Temperature-resolved Mass Spectrometry and Multivariate Analysis  67
1. Introduction 68
2. Materials and Methods 69
3. Results - Reference Materials 72
4. Results - Archaeological Residues 78
5. Discussion 90
6. Conclusions 96
Chapter 5 – A Comparative Study of Extractable Lipids in Shards and Surface







Chapter 6 – FTIR and Solid-State 13C CP/MAS NMR Spectroscopy of Charred
and Non-charred Solid Organic Residues 129
1. Introduction 130
2. Experimental 134
3. Results and Discussion 137
4. Conclusions 151
Chapter 7 – General Discussion 153
1. Aims and Research Questions 154
2. Visible solid surface residues versus absorbed residues 154
3. Analytical techniques – possibilities on a molecular level 157
4. Chemical classification of residues – chemotypes and their origin 163
5. Interpretation of chemical information in an archaeological context 170
6. Implementation in Uitgeest – Groot Dorregeest 175
7. Further research 177
Appendix 1 – Materials 179
1. Uitgeest- Groot Dorregeest 180
2. Ceramic Studies 185
3. Organic Residue Analysis 199
Appendix 2 – DTMS and DTMS/MS Study of Solid Organic Residues  203
1. Introduction 204
2. Experimental 205
3. Results and discussion 206
6. Conclusions 210
Appendix 3 – Organic Residue Analysis in Ceramic Studies: Implications for
Conservation Treatment and Collections Management 211
1. Introduction 212
2. Analytical techniques – Potential and Limitations 213







List of Publications 259
